INTRODUCTION.
The work by Guthe} Guthe and Sieg^ and 3 Sieg, on platinum-Iridium wires when used as suspensions for torsional pendulums, showed some remarkable elastic properties of that alloy. The principal one of these was the variation of the period with the amplitude of vibration. It was these studies that made it seem very desirable to test other alloys commonly used for suspensions, by a similiar method.
The wires employed in this research were of a phosphor-bronze alloy and represented thirteen successive drawings from an original sample. These ranged in diameter from .508 mm to .100 mm. The wires were very kindly supplied by the American Electrical Work3 of Phillipsdale, Rhode Island.
THE PROBLEM.
The extensive use of phosphor-bronze wires as delicate suspensions, makes it very desirable to know intimately the elastic nature if this alloy. Some work by Professor Sieg and the writer in 1914, showed that the periods of the torsional vibrations were not constant but varied widely with different amplitudes.
1.-K.E.Guthe,la. Acad. Sci., 15, p 147, 1908. Abst. The problem of this research was the verification of this elastic peculiarity and to prove that there is no justification for the use of these < w wires as delicate suspensions. New problems suggested themselves at once and some of these have been investigated to find out, if possible, more of the intimate nature of the alloy.
A preliminary report of certain of these experiments was given before the Iowa Academy of Science in the spring of 1915^ For convenience in discussion, this work will be reviewed in the present paper.
APPARATUS.
The apparatus is the same one which was 2 employed and described by Sieg. Figure 1 shows the complete apparatus with the exception of the arc light which was used to illuminate the mirror.
The wires were clamped to the lower end of the vertical supporting-rod eu On the other end of the wire was clamped the pendulum b of 27 grams mass and bearing in a vertical position, a mirror which consisted of a cover glass silvered on both sides. This reflected the image of a cross-wire placed before the arc, upon the circular scale £.
A lens was placedbetween the arc and the mirror in a position to bring the image to a sharp focus.
1.-Iowa Academy of Science, Vol.22, p 321,1915. 2.-Loc. cit.
A horizontal rod 25 cm in length, through the pendulum, made it possible to add au±illary weights so as to change the load, and again it was possible to change the period under constant load by altering the inertia of the pendulum.
The wire was suspended with the axis of the pendulum in the center of the scale £ which was 149.2 cm in diameter. The circumference of this scale was didvided into 180 degrees or into 180 divisions of 2.6 cms each. The readings thus gave the actual torsional amplitudes in degrees, since the reflected angle was tv,-ice as large as the angle of incidence of the beam of light. The zero-point of the pendulum wasfirsf found in the usual way and the fan motor £ was started.
The time of the next exact minute was noted on the tape and the clock circuit was closed by the switch a.
The wire was then twisted through an amplitude of a certain number of degrees per centi meter length of the wire;-(the initial amplitude in most cases being 10 degrees per cm),-and the key k was atpped each time the image of the cross wire passed the zero-point. Five of these taps were made in succession and at the same time the amplitudes at the end of each swing were recorded.
The actual reading of the clock corresponding to each tap was then calculated from the tape to the hundredth part of a second and the average of the five readings thus determined gave, with considerable accuracy, the actual time of the middle tap. The amplitude corresponding to this tap was then easily determined.
This process was then repeated at the end of several minutes;-the intervening time between readings depending upon the period and amplitude, the time being shorter fcr short periods and also in the large amplitudes where the damping effect was very great. The number of seconds between the averages divided by the number of swings or vibrationsthen gave the average period over that number of vibrations. The number of vibrations was easily determined by dividing the number of seconds by the approximate period. This average period was then called the period corresponding to the average amplitude of the two readings.
The same process wrs continued until the vibrating system had been damped to very small amplitudes. The readings were so taken that the first tap of the key would always be on a counter-clock-wise swing. Thus we had the time for an even number of half-vibrations in every case and the chance of making an error in the number of swings was practically eliminated.
In several cases the amplitudes and the periods were recorded throughout the life of the of the vibrations of a given pendulum in order to see if the above-mentioned method of averages was justified. The curves obtained by the two methods practically coincided and hence it was considered that the procedure was quite accurate. In any case the error would be greatest in the large amplitudes and it was found that these were not the most impor The above data were then tabulated in the following form.
The first column represents the number of vibrations that have taken place since the pendulum was set into vibration.
It might here be said that the elastic after-effect was very marked in these wires and so the zero-point had to be redetermined several times during an experiment. The zero-point was known to shift as far as nine degrees in the direction of the initial twist.This of course would introduce quite an error in the tape readings and especially when the amplitude had fallen to several degrees per cm length of the wire. figure 3 . For convenience and brevity in discussion these will be numbered. They will be discussed in detail in the latter part of this paper. amplitude. This curve is marked II (figure 3) and will represent state II.
Type III (see figure 3 ), is very different from the other two. In this curve the period increases continually from the large to the small amplitudes.
Then the wires followed this type of curve they were said to be in state III.
From figure 3, which shows three curves of an identical sample of wire under identical experimental conditions, it is at once seen that the variation from a constant period is very marked.
The magnitude of the variation is perhaps best
shown by going into these particular curves in This particular test was made by recording every amplitude and period throughout the life of the vibrations and only certain ones of these points, chosen at random, have been plotted in the curve.
From the coordinates it is readily seen that the maximum variation from a constant period, between the two curves, is about 3.85 seconds.
Considering this variation with the maximum period of the two curves, it is found to be in the neighborhood of 16 per cent.
Curve I shows the same wire when in state I
The variation in this type of curve was not so marked
This phenomenon is found to be less marked as the diameter of the wire becomes larger. Or in other words, the phenomenon becomes more marked with the successive drawings. The drawing of the wire thus has a tendency to increase the effect. were not reliable for use in scientific instruments.
The question then arose as to whether the two variables, the period of vibration and the load supported by the wires, might not be the determining factors of the resulting state.
It was soon discovered that ordinary experiment ation did not alter the condition of any sample of wire and so the experiments could be repeated many times while the wire remained essentially in a constant state.
It was found that unless the treatments were quite strenuous, the wires always behaved essentially the same. This was verified by repeating an experiment several times in succession and it was found that the curves were almost identical. Figure 6 shows the results of this experiment.
It was immediately seen that the period-amplitude curves as well as the per iod-vibration number curves were similiar in the four tests. Thus the period of vibration had no effect upon the state of the wire.
Farther than this, it was found that if each curve was multiplied by a certain factor the four curves fell practically upon a single line. The line has not been drawn in figure 6 in order to show better the actual positions of each curve, The factors were simply the ratios of the perios to any arbitrary number, and in this case were 1, 1.3, 1.68 and 2.2. The same wire No.3 was used and the loads in the three testa were 27, 154,and 272 grams.
Again the curves assumed the same general shape and were reduced to the same period at the same amplitude.
Again the factors were simply the ratios of the periods to an arbitrary number. They were 1, 1.16, and 2.16. Table I1 below gives the data of figure 7. The loads were so very wide in range that it seems safe to assume that ordinary variations in the load have no effect upon the action ofthe wire other than changing the period of vibration. It is very probable that the shorter wires display more nearly the actual conditions in the wire whereas there may be a neutralization of some peculiarities in the longer wires. These facts only serve to prove the main thesis, that the elastic properties of phosphor-bronze wires are very complicated, and thus make the alloy unsuitable for use in suspensions.
Then the periods were kept constant with the above lengths the curves were somewhat more satisfactory but still had a great tendency toward irregularities. The point requires further investigation F ig u r e 8 . The lengths used were 30, 23, 15 and8.9
cms. Figure 11 shows the vibration number -amplitude curves forthe four lengths. The number of vibrations between any two common amplitudes per unit length can be interpolated from the curves. It was found that there was essentially a constant ratio between the vibration numbers of any two curves, throughout the life of the vibrations. Table III The ratios are given for each N after the Such an adjustment is practically impossible.
It is also evident that if the state of the wire changes we could hardly expect a constant friction. This point will be taken up again in the discussion of the loss of energy in the two states.
It should perhaps be said thfct the greater per cent.
of the curves were either of type II or III and hence most of the data are on these curves. State I seems to be more or less unstable and is easily changed into state II.It has never been possible to predict which of the two types I or ii, would be followed when the period decreased with the amplitude. The data show however that type II is most often followed. Type I is thus omitted, entirely from the discussions in the latter part of this paper.
Variation of the initial amplitude. -In
23.
a given sample of wire, the number of vibrations required for the system to fall through a given range of degrees uries, in a general way, inversely with the mean amplitude of this range taken. In other words the fall in amplitude is exponential.
This is common to all damped vibrations.
In the phosphor-bronze wires the initial amplitude determines how rapid this fall shall be.
If the initial amplitude is large the fall in the range of amplitudes common to the two experiments, is more rapid than when the initial amplitude is small. Figure 12 shows this for wire No, 4 when in state II* The initial amplitudes in this case were 1, 4, 7, and 10 degrees respectively, for the curves 1,2, 3 and 4. Theoretically the curves should be parallel but careful measurements prove the contrary. There is a progressive change in the slopes of the period-amplitude curves,the curves tending to become steeper with the larger initial amplitudes.This is not a new point, having been 1 observed in other wires by Kelvin and also by 2 Sieg . We have reasons to suspect that the previous history of the wire plays a large part in this effect, Until a method of causing a fixeddefinite state in these wires, is discovered, the magnitude of the phenomenon in these wires must remain an open problem.
1.-Kelvin, Math.and Physical Papers, p 22. 2. *"Loc. * cit. p 13. Table   IV shows the calculations for one of each type of curves. It is seen from these data that the difference between the successive angles is quite large and the calculations are thus only approximate. These data should be ta&en very accurately and the curves plotted on a large scale so that the rates of loss of energy may be compared. Time would not permit a more careful study at this time.
( Table IV is given on the following page)
F ig u r e 1 3 . the curve of type II. This is shown in figure 14 .
As we would expect, the two curves tend to coincide again in the small amplitudes. This is easily explained by the fact that the period of type II increases again after the minimum at 4 degrees per cm length.
Logarithmic decrement.-In ordinary damped vibrations the logarithmic decrement is constant and is expressed log K, where are the successive amplitudes and bear the relation, 10.-Long continued vibration will,in general, bring about state II.
In conclusion we must say that phosphorbronze wires are certainly not fit for use in delicate suspensions. The elastic peculiarites are too complicated to be corrected for.
While these elastic properties nay be typical of this alloy alone it is reasonable to suspect that other alloys have their distinct peculiarities just as platinum-iridium and these e J wires were found to have. From the stahpoint of physics, the above results are especially of interest because they tend to show the complexity of the crystalline structure of alloys. It is hoped that more definite treatments for each state, may be discovered inthe near future.
